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============

Shortly after the discovery of high temperature superconductivity (HTS) in oxides by Bednorz and Mueller in 1986^[@CR1]^, ceramic cuprates, in particular $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {YBa}_{2}\text {Cu}_{3}\text {O}_{7-x}$$\end{document}$ (YBCO), triggered universal euphoria among scientists and industry for the unprecedented high critical temperatures and sound performances under elevated magnetic fields. Decades of research activities later, second generation $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {REBa}_{2}\text {Cu}_{3}\text {O}_{7-x}$$\end{document}$ (REBCO, RE = Rare Earth), coated conductors (CCs) mark now the pinnacle in the industrialization of superconducting cuprates. The need for low grain boundary angles in these superconductors is accommodated by biaxially textured growth of $\documentclass[12pt]{minimal}
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                \begin{document}$$\sim \upmu \text {m}$$\end{document}$ thick REBCO on functional oxide buffer layers backed by metallic tapes. It is a quite sophisticated and complex structure with practical use but expensive in production^[@CR2]^. Most prominent applications take advantage of the well studied direct current (DC) or low frequency alternating current performance profile that identifies CCs as high current conductors at cryogenic temperatures and/or high fields^[@CR3]--[@CR5]^. The future circular hadron-hadron collider (FCC-hh), however, considers a novel utilization of superconductors reliant on the high frequency response of HTS at extremely challenging conditions^[@CR6]^. The FCC-hh is the most ambitious scenario for a post Large Hadron Collider (LHC) machine proposed by CERN. It will operate as an $\documentclass[12pt]{minimal}
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                \begin{document}$$80 {-} 100 \,{\text {km}}$$\end{document}$ acceleration ring where $\documentclass[12pt]{minimal}
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                \begin{document}$$16 {-} 18\,{\text {T}}$$\end{document}$ magnets will steer $\documentclass[12pt]{minimal}
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                \begin{document}$${8}\, {\text {cm}}$$\end{document}$ bunches with revolution period of $\documentclass[12pt]{minimal}
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                \begin{document}$${0.3}\,{\text {ms}}$$\end{document}$. In this machine, collision energies of $\documentclass[12pt]{minimal}
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                \begin{document}$$100 \,{\text {TeV}}$$\end{document}$ at center of mass are expected to be reached. The $\documentclass[12pt]{minimal}
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                \begin{document}$$35.4\, {\text {W/m/beam}}$$\end{document}$ synchrotron radiation emitted by the protons will be absorbed by a stainless steel tube, the so called beam screen, held at a temperature window of $\documentclass[12pt]{minimal}
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                \begin{document}$${40 {-} 60}\,{\text {K}}$$\end{document}$. The beam screen chamber is located in the beam-steering dipoles to thermally shield them. Given the prospected beam parameters, mirror charges will be induced into the beam screen that peak at magnitudes of $\documentclass[12pt]{minimal}
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                \begin{document}$${25} \,{\text {A}}$$\end{document}$ with frequencies up to $\documentclass[12pt]{minimal}
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                \begin{document}$${1 {-} 2}\,{\text {GHz}}$$\end{document}$. Governed by the necessity to maintain a stable beam during operation, highly conductive coatings will have to cover the interior of the beam screen chamber. Compared to copper, which has been the subject of a detailed study^[@CR7]^, HTS promise with their lower surface resistance larger beam stability margins at expected operation temperature^[@CR8]--[@CR10]^. This motivates the need to understand and evaluate the high frequency response of HTS available on an industrial scale at FCC conditions. Our previous studies of six commercially available CCs have shown lower $\documentclass[12pt]{minimal}
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                \begin{document}$${300}\,\upmu {\text {m}}$$\end{document}$ thick Cu colaminated on stainless steel (equivalent of FCC beam screen) at $\documentclass[12pt]{minimal}
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                \begin{document}$$T= {50}\,{\text {K}}$$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$\nu = {8} \,{\text {GHz}}$$\end{document}$ up to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${9}\, {\text {T}}$$\end{document}$. In addition, we demonstrated compatibility with thin a-C layers to mitigate the secondary electron yield^[@CR11]^. In this work, we extend the temperature range of measured surface resistances to $\documentclass[12pt]{minimal}
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                \begin{document}$$T = 20 {-} 70 \,{\text {K}}$$\end{document}$. It allows a discussion about the surface resistance and vortex physics of CCs with different microstructures in a wide range of temperatures. The vortex parameters depinning frequency $\documentclass[12pt]{minimal}
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                \begin{document}$$\nu _{0}$$\end{document}$, vortex viscosity $\documentclass[12pt]{minimal}
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                \begin{document}$$k_{p}$$\end{document}$ are derived within the Gittleman--Rosenblum and Bardeen--Stephen models. The model proposed by Gittleman and Rosenblum^[@CR12]^ is a mean-field theory for vortices in a periodic pinning potential driven by high frequency oscillating, subcritical currents without thermal activation. It modulates both the resistive and reactive response of vortices to the driving field. In our case, the lack of complete surface reactance data sets has to be compensated by additional model confinements. With a modified Bardeen--Stephen model^[@CR13]^, which describes the motion of vortices in a type II superconductor, we can estimate the vortex viscosity $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta$$\end{document}$. It reduces the Gittleman--Rosenblum model parameters to only one, the depinning frequency $\documentclass[12pt]{minimal}
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                \begin{document}$$\nu _{0}$$\end{document}$, and thus makes it available through fitting the measured surface resistance $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{s}$$\end{document}$. We validate the two model approach for one sample with the ratio of surface reactance and surface resistance at $\documentclass[12pt]{minimal}
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                \begin{document}$$T = {20}\, {\text {K}}$$\end{document}$, which lets us determine the depinning frequency sticking exclusively to the Gittleman--Rosenblum model. Finally, having established the microwave vortex parameters, we extrapolate the surface impedance of CCs down to $\documentclass[12pt]{minimal}
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                \begin{document}$$1 \,{\text {GHz}}$$\end{document}$, up to $\documentclass[12pt]{minimal}
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                \begin{document}$$16\, {\text {T}}$$\end{document}$ and compare it to the microwave response of Cu at FCC-hh conditions.

Methods {#Sec2}
=======

Highly sensitive surface impedance measurements are performed with a high frequency, non-destructive, dielectric loaded resonator (DR) with resonant frequency $\documentclass[12pt]{minimal}
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                \begin{document}$$\nu \approx {8} \,{\text {GHz}}$$\end{document}$. The resonator is based on the Hakki--Coleman geometry^[@CR14]^, was previously used for non-linear characterization of HTS thin films^[@CR15],[@CR16]^ and has been redesigned as described in^[@CR11],[@CR17]^ in order to meet the sensitivity and geometrical requirements imposed by characterization of superconductors at cryogenic temperatures ($\documentclass[12pt]{minimal}
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                \begin{document}$$5 {-} 120 \,{\text {K}}$$\end{document}$) and up to $\documentclass[12pt]{minimal}
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                \begin{document}$${9} \,{\text {T}}$$\end{document}$ in the $\documentclass[12pt]{minimal}
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                \begin{document}$${25} \,{\text {mm}}$$\end{document}$ bore of a *PPMS* from *Quantum Design*. The DR consists of a radiation shielding, cylindrical brass cavity terminated axially by interchangeable $\documentclass[12pt]{minimal}
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                \begin{document}$${12\,{\text {mm}} \times 12 \,{\text {mm}}}$$\end{document}$ samples and loaded with a single crystal rutile (TiO2) disk ($\documentclass[12pt]{minimal}
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                \begin{document}$$h = {3} \,{\text {mm}}$$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$\emptyset = {4} \,{\text {mm}}$$\end{document}$), which is placed in the center of the cavity. The sample-dielectric-sample structure is sandwiched by copper-beryllium springs required to compensate contractions and expansions in the wide temperature range of measurements. The choice of dielectric material and cavity geometry results in a resonant frequency $\documentclass[12pt]{minimal}
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                \begin{document}$$\nu \approx {8}\,{\text {GHz}}$$\end{document}$. Coupling loops through lateral walls are adjusted in such way that the resonator operates in the TE011 mode. This drives microwave currents to flow within the superconducting $\documentclass[12pt]{minimal}
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                \begin{document}$${\text {CuO}}_{{2}}$$\end{document}$ planes of the samples under investigation. Estimations of the RF field in the cavity yields $\documentclass[12pt]{minimal}
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                \begin{document}$$H_{\text {max}} = {28.68}\,{\text {A/m}}$$\end{document}$ or $\documentclass[12pt]{minimal}
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                \begin{document}$${0.036}\,{\text {mT}}$$\end{document}$^[@CR18]^. An RF power dependence study showed negligible (below 2%) increments in $\documentclass[12pt]{minimal}
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                \begin{document}$$R_s$$\end{document}$ with respect to its zero-RF-field values at $\documentclass[12pt]{minimal}
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                \begin{document}$${0}\,{\text {T}}$$\end{document}$ external applied magnetic field (see supplementary notes). External magnetic fields are applied parallel to the c-axis of the superconductor. The unloaded quality factor $\documentclass[12pt]{minimal}
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                \begin{document}$$Q_{0}$$\end{document}$ of the DR relates to the losses in the following way^[@CR17],[@CR19],[@CR20]^:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \frac{1}{Q_{0}} = \frac{R_{\text {CC,1}}}{G_{\text {CC,1}}} + \frac{R_{\text {CC,2}}}{G_{\text {CC,2}}} + \frac{R_{\text {m}}}{G_{\text {m}}} + p \tan {\delta }. \end{aligned}$$\end{document}$$The first three terms of the sum are losses caused by the exposed conductive surfaces within the cavity, where the subscripts 'CC,1', 'CC,2' and 'm' stand for the coated conductors terminating the cavity and metallic enclosure, respectively. Here, *R* denotes surface resistances and *G* are the corresponding geometrical factors. The last term accounts for losses within the dielectric body. The dimensionless filling factor $\documentclass[12pt]{minimal}
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                \begin{document}$$p\approx 1$$\end{document}$, since nearly the entire energy stored in the resonator is focused in the dielectric, and $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan {\delta }$$\end{document}$ is the loss tangent of rutile. In our geometry, losses of the metallic housing can be neglected^[@CR17]^ and $\documentclass[12pt]{minimal}
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                \begin{document}$$\frac{R_{\text {CC,1}}}{G_{\text {CC,1}}} \approx \frac{R_{\text {CC,2}}}{G_{\text {CC,2}}} = \frac{R_{\text {CC}}}{G}$$\end{document}$, thus$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} R_{\text {CC}}(T,B) = \frac{G}{2}\cdot \left[ \frac{1}{Q_{0}(T,B)} - \tan {\delta }(T)\right] . \end{aligned}$$\end{document}$$The procedures for numerical and empirical determination of *G* are described in^[@CR17]^, whereas $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan (\delta )(T)$$\end{document}$ is adopted from^[@CR21]^. In analogy to the surface resistance, the imaginary part of the surface impedance $\documentclass[12pt]{minimal}
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                \begin{document}$$Z_{\text {s}} = R_{\text {s}} + i X_{\text {s}}$$\end{document}$ can be extracted from microwave measurements. The reactive response of a resonator reflects in the resonant frequency $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} -2\frac{\Delta \nu }{\nu _{\text {ref}}} = \frac{\Delta X_{\text {CC,1}}}{G_{\text {CC,1}}} + \frac{\Delta X_{\text {CC,2}}}{G_{\text {CC,2}}} + \frac{\Delta X_{\text {m}}}{G_{\text {m}}} + p \frac{\Delta \epsilon '_{r}}{\epsilon '_{r,\text {ref}}}, \end{aligned}$$\end{document}$$where *X* is the surface reactance, $\documentclass[12pt]{minimal}
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                \begin{document}$$\epsilon '_{r}$$\end{document}$ the real part of the relative dielectric permittivity. By $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta x$$\end{document}$ we mean the difference of a quantity from its reference value $\documentclass[12pt]{minimal}
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                \begin{document}$$x_{\text {ref}}$$\end{document}$. Using the same approximations made already for the surface resistance, we get$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \Delta X_{\text {CC}}(T,\Delta T,B,\Delta B) = -G \left[ \frac{\Delta \nu (\Delta T,\Delta B)}{\nu _{\text {ref}}(T,B)}+\frac{p}{2}\frac{\Delta \epsilon '_{r}(\Delta T)}{\epsilon _{r,\text {ref}}(T)}\right] . \end{aligned}$$\end{document}$$Magnetic field measurements at fixed temperatures are executed both in zero-field and field-cooled mode. Demagnetization of the superconducting external field magnet is followed after each field sweep to minimize the effect of trapped fields.

DC transport characterization is done either in van der Pauw geometry on $\documentclass[12pt]{minimal}
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                \begin{document}$$4 \,{\text {mm}} \times 4\, \text {mm}$$\end{document}$ samples, or with well defined track bars of $\documentclass[12pt]{minimal}
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                \begin{document}$${200}\,\upmu {\text {m}}$$\end{document}$ length. The width of the track bar ensures a cross section large enough to contain a representative number of grain boundaries. The tracks are defined by optical lithography. Temperature and magnetic field control are achieved, as described above, with a *Quantum Design PPMS*.

Subject of our study are seven commercially available CCs that differ in their microstructure. They are provided by *Bruker HTS GmbH*, *Fujikura Ltd.*, *SuNAM Co. Ltd.*, *SuperOx*, *SuperPower Inc.* and *THEVA Dünnschichttechnik GmbH*. An overview of all but one CCs' microstructure, film thickness and growth method is given in^[@CR11]^. In additional to the CCs in^[@CR11]^, a new CC is provided by *Fujikura Ltd.* with nominal $\documentclass[12pt]{minimal}
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                \begin{document}$$I_c - \text {width} ({50}\, {\text {K}}) = {2}\,{\text {kA/cm}}- {\text {w}}$$\end{document}$ and film thickness $\documentclass[12pt]{minimal}
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                \begin{document}$$t = {2.5}\, \upmu {\text {m}}$$\end{document}$, where Eu is used as the rare-earth with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\text {BaHfO}}_{{3}}$$\end{document}$ (BHO) nano rods in the REBCO matrix. All RF characterization is done on CCs whose Ag and Cu protection layers are stripped off. In order to avoid degradation of the superconductor, the metallic layers are either chemically etched right before measurements or the CCs are provided stripped by the manufacturer and stored in a low humidity environment. The error on measured surface resistances arising from deviations in rutile centering and inhomogeneities in CC tapes is estimated to be $\documentclass[12pt]{minimal}
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                \begin{document}$${10}\,{\%}$$\end{document}$ as discussed in^[@CR11]^, while the uncertainty in the surface reactance is, in a first approximation, assumed to result from the the error on resonant frequency $\documentclass[12pt]{minimal}
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                \begin{document}$$\sigma _\nu = \nu \cdot {1.5} \,{\text {ppm}}$$\end{document}$. In the following, CCs are regarded without their protection layers and named according to their manufacturer.

Results {#Sec3}
=======

Surface resistance of thick CCs {#Sec4}
-------------------------------

In a general case, when exposed to a propagating microwave field, CCs' entire complex architecture consisting of a thick superconducting layer with $\documentclass[12pt]{minimal}
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                \begin{document}$$t_{\text {SC}} \ge {0.9} \,\upmu {\text {m}}$$\end{document}$ on top of a buffer layer stack with $\documentclass[12pt]{minimal}
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                \begin{document}$$t_{\text {dielectric}} > {0.5}\, \upmu {\text {m}}$$\end{document}$ backed by a metallic, flexible substrate with $\documentclass[12pt]{minimal}
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The corresponding CC microstructures control the field behavior of the surface resistance. The SuNAM sample has a steeper increase in $\documentclass[12pt]{minimal}
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Evaluation of microscopic vortex parameters {#Sec5}
-------------------------------------------

As described by Eq. ([7](#Equ7){ref-type=""}) the microwave response with applied magnetic field is driven by the movement of fluxons in the superconductor. Consider a single vortex from an externally applied magnetic field $\documentclass[12pt]{minimal}
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                \begin{document}$${9}\, {\text {T}}$$\end{document}$ at different temperatures of a Bruker CC. Corresponding fits with real part of equation ([10](#Equ10){ref-type=""}) are represented by solid lines. The lines follow the same color code as the markers.

Figure [6](#Fig6){ref-type="fig"}a shows the depinning frequency $\documentclass[12pt]{minimal}
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                \begin{document}$$T = {20 - 70} {\text {K}}$$\end{document}$. Except for Fujikura with APC, the deviation of depinning frequencies as function of temperature is quite small and inversely proportional to temperature. A correlation between microstructure and depinning frequency can be observed. Bruker (double disorded), SuperPower (BZO nanorods) and Fujikura APC (BHO nanorods) characterized by the use of artificial pinning centers exhibit increased depinning frequencies as compared to SuNAM or SuperOx CCs that rely on as grown pinning. Remarkably, Fujikura without APC has within the errors the same depinning frequency as Bruker and SuperPower at all temperatures which points towards a nanoengineered microstructure that resembles the pinning properties of both CCs with APC. The determined values for all but one CC remain in accordance with literature which report mostly $\documentclass[12pt]{minimal}
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                \begin{document}$$\nu _{0}$$\end{document}$ both in magnitude and steepness of the temperature dependence. As already mentioned above, Fujikura with APC is the only CC that incorporates Eu as the rare earth and BHO as the nano additive. Whether these two changes are the governing factors for the increased depinning frequencies cannot be concluded unambiguously without additional studies.Figure 6(**a**) Depinning frequency determined from fits with real part of Eq. ([10](#Equ10){ref-type=""}) and (**b**) Labusch-parameter for all CCs determined from the relation $\documentclass[12pt]{minimal}
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Both, the obtained values for the depinning frequency as presented in Fig. [6](#Fig6){ref-type="fig"}a and the ratio $\documentclass[12pt]{minimal}
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                \begin{document}$$T = {20}\,{\text {K}}$$\end{document}$ in Fig. [7](#Fig7){ref-type="fig"}. These conditions indicate operation in the so called pinning regime where the microwave response is low in dissipation and the surface resistance is governed by the Labusch parameter $\documentclass[12pt]{minimal}
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                \begin{document}$$s = \frac{\text {Im}(\rho _{\text {v}})}{\text {Re}(\rho _{\text {v}})} = \frac{\nu _{0}}{\nu }$$\end{document}$ as a function of magnetic field. The errors on $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\rho _{\text {v}}$$\end{document}$ and *s* are propagated from errors on the surface resistance $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta R_s$$\end{document}$ and resonant frequency $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\nu$$\end{document}$.
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                \begin{document}$$k_{p} = 2\pi \nu _{0}\cdot \eta$$\end{document}$ is presented as a function of temperature for all CCs in Fig. [6](#Fig6){ref-type="fig"}b. Here, the CCs' different microstructures are reflected again quite well. Bruker, SuperPower and both Fujikura samples, defined as CCs with high pinning microstructure, exhibit over the entire *T* range increased $\documentclass[12pt]{minimal}
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Uncertainties in the determination of pinning parameters given in the figures originate from estimated errors on $\documentclass[12pt]{minimal}
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                \begin{document}$$\nu$$\end{document}$ and goodness of fits. While they are significant in the comparison of the CCs, they do not account for the uncertainties of the intrinsic vortex parameters introduced by the pure choice of a model. In all the analyses, we have neglected flux creep effects which may be relevant especially at elevated temperatures. It has been reported that by neglecting the flux creep, the real part of the intrinsic microwave response is overestimated. Thus, the depinning frequency and Labusch parameter derived here within the Gittleman--Rosenblum model may represent lower limits^[@CR43]^.

Extrapolation of surface impedance to FCC conditions {#Sec6}
----------------------------------------------------

Transverse beam coupling between accelerated hadrons and the introduced image currents within the beam screen coating pose one of the performance limitations in the current FCC-hh design. The transverse beam coupling impedance is directly proportional to the surface impedance of the material facing the particle beam^[@CR9],[@CR44]^. In a previous work, we compared the surface resistance of the potential FCC-hh beam screen coating Cu with the CCs presented here. At $\documentclass[12pt]{minimal}
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                \begin{document}$$\nu \approx {8}\,{\text {GHz}}$$\end{document}$, the best performing CC has a 2.5 smaller surface resistance than Cu^[@CR11]^. Aforementioned work and previous discussions enable extrapolation of the surface impedance of Cu and CCs to FCC-hh conditions. The microwave response of $\documentclass[12pt]{minimal}
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                \begin{document}$${300} \,\upmu {\text {m}}$$\end{document}$ thick Cu colaminated on stainless steel by CERN is measured with the presented dielectric resonator and amounts $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} Z^{\text {metal}}_{s} = (1+i) \frac{\rho }{\delta }, \end{aligned}$$\end{document}$$we can deduce the surface resistance of Cu at FCC conditions to be $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{s} = X_{s}$$\end{document}$ for normal conductors.

Returning to Eq. ([7](#Equ7){ref-type=""}), the field independent part for the surface resistance $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{\text {BCS}}$$\end{document}$ of a superconductor in the dirty limit (short mean free path) has a quadratic frequency dependence for $\documentclass[12pt]{minimal}
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                \begin{document}$$T_c$$\end{document}$ superconductors quadratic frequency behaviors were observed^[@CR46],[@CR48]^. In this setting, it can be considered $\documentclass[12pt]{minimal}
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                \begin{document}$${300}\,\upmu {\text {m}}$$\end{document}$ thick Cu sputtered on stainless steel, denoted here as FCC Cu, and several CCs as a function of magnetic field. The stars represent both the surface resistance and surface reactance values of FCC Cu. The solid lines are surface resistances, the dashed lines surface reactances of CCs. The provider of the CCs are color coded.

Conclusions {#Sec7}
===========

We have studied the surface resistance, $\documentclass[12pt]{minimal}
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                \begin{document}$${20 {-} 70} {\text {K}}$$\end{document}$. We have revealed that these magnitudes correlate strongly with the microstructure of the superconducting layer, elucidated the vortex dynamics at high frequencies and confirmed the high microwave performance of CCs for large scale applications.

We have calculated the surface impedance of CCs at FCC conditions ($\documentclass[12pt]{minimal}
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                \begin{document}$${16}\,{\text {T}}$$\end{document}$) by means of the Gittleman--Rosenblum model. Results suggest that as compared to Cu colaminated on stainless steel, the surface resistance is expected to be a factor 15--70 smaller (depending on the provider), while the surface reactance stays in the same order of magnitude.

The estimated outstanding microwave performance of CCs at FCC conditions encourage to take next steps in the feasibility study. Namely, to determine experimentally the surface impedances at $\documentclass[12pt]{minimal}
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                \begin{document}$${16}\, {\text {T}}$$\end{document}$, study the different ways to attach tens of meter-long CCs to the beam screen chamber taking into account the mechanical properties of the stainless-steel/CC ensemble, ensure magnetic field quality inside the beam-screen chamber, and study possible hazards such as a dipole magnet quench. These factors will be examined in detail as they represent essential puzzle pieces for a final, reliable cost-benefit assessment for this solution.

In summary, our manuscript highlights explicit relations between superconducting properties and microscopic vortex parameters to tailor CCs for specific microwave applications, and promotes further considerations for employing CCs as a beam screen coating alternative to copper for the FCC-hh.
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